The limited information available to date regarding the genetic alterations in germ cell tumors of the central nervous system has raised concerns about their biologic relationship to other germ cell tumor entities. We investigated fresh-frozen or archival tumor samples from 19 patients with central nervous system germ cell tumors (CNS-GCTs), including seven germinomas, eight malignant nongerminomatous germ cell tumors and four teratomas, using chromosomal comparative genomic hybridization to determine recurrent chromosomal imbalances. All 15 malignant CNS-GCTs and two of four teratomas showed multiple chromosomal imbalances. Chromosomal gains (median: 4 gains/tumor, range: 0-9 gains/tumor) were observed more frequently than losses (median: 1.6 losses/tumor, range: 0-6 losses/tumor). Gain of 12p, which is considered characteristic for germ cell tumors of the adult testis, was detected in 11 of 19 tumors and 10 of 15 malignant CNS-GCTs. In one tumor, gain of 12p was confined to an amplicon at 12p12, corresponding to the commonly amplified region on 12p. Other common gains were found on chromosome arms 1q and 8q (n ¼ 9, each). Among the chromosomal losses, parts of chromosome 11 (n ¼ 5), 18 (n ¼ 4), and 13 (n ¼ 3) were deleted most frequently. Notably, we observed no difference in the genetic profiles of germinomatous and nongerminomatous CNS-GCTs; however, the average number of imbalances was higher in the latter group. A meta-analysis comparing 116 malignant gonadal and extragonadal germ cell tumors revealed that the genomic alterations in CNS-GCTs are virtually indistinguishable from those found in their gonadal or other extragonadal counterparts of the corresponding age group. These data strongly argue in favor of common pathogenetic mechanisms in gonadal and extragonadal germ cell tumors.
During childhood and adolescence, the majority of germ cell tumors arise outside of the gonads, and beyond early childhood, the central nervous system and the mediastinum constitute the most frequent sites of extragonadal germ cell tumors. 1 The vast majority of central nervous system germ cell tumors (CNS-GCTs) develop in the pineal gland or the suprasellar region, and approximately 10% of all CNS-GCTs present as bifocal tumors. 2, 3 The extragonadal appearance of germ cell tumors is likely related to errors in germ cell migration during early embryonal development. Accordingly, imprinting studies of gonadal and extragonadal germ cell tumors show loss of the methylation imprint at imprinting control regions, correlating with the methylation status within early stages of primordial germ cell development. [4] [5] [6] However, the molecular mechanisms that interfere with normal homing of germ cells to the gonadal ridge and that allow for a sustained survival of germ cells in an extragonadal environment remain unclear. Furthermore, the molecular mechanisms of the apparent tropism to the pineal gland and suprasellar region in particular have to be elucidated.
Morphologically, gonadal and extragonadal germ cell tumors are virtually indistinguishable. Apart from spermatocytic seminomas, which may develop in the testis of elderly patients, all histologic entities of germ cell tumors may also arise in the central nervous system. Among malignant germ cell tumors, germinomas are distinguished from nongerminomatous germ cell tumors, which include embryonal carcinoma, yolk sac tumor and choriocarcinoma. In addition, teratomas can be distinguished as a distinct group with a histologically benign appearance. These may include completely differentiated organoid (mature teratoma) or immature structures, the latter resembling immature steps of embryonal and fetal organ development. Characteristically, malignant nongerminomatous germ cell tumors present as tumors with composite histology that include different histologic subentities. It is generally assumed that this phenomenon is related to the cell of origin, the totipotent primordial germ cell, which may differentiate along many different pathways.
Among all germ cell tumors, malignant testicular germ cell tumors of young adults constitute the most intensively studied entity. These are characterized by a specific cytogenetic aberration, the isochromosome 12p (i (12p)), which is considered pathognomonic and can be detected in about 80% of malignant testicular germ cell tumors. 7 In the remaining tumors, gain of chromosomal material of 12p is related to either marker chromosomes or homogeneously staining regions that contain chromosomal material derived from chromosomal band 12p11.2-12.1. 8, 9 Additional chromosomal imbalances have also been reported in testicular germ cell tumors. However, these are less frequent and less consistent as compared to gain of 12p. [10] [11] [12] Notably, testicular germ cell tumors that arise during infancy and childhood show a divergent genetic profile that is characterized by loss of 1p and 6q, and gain of 1q and 20, while gain of 12p11-12 is not detectable. [13] [14] [15] [16] In extragonadal germ cell tumors, similar age-dependent cytogenetic and moleculargenetic patterns have been identified. 13, 17 There are only limited data regarding cytogenetic and molecular genetic patterns of intracranial germ cell tumors. The largest genetic study published to date includes 15 pineal germ cell tumors analyzed with comparative genomic hybridization (CGH). In this study, only a minority of germinomas showed gain of 12p. 18 Others detected gain of 12p at varying frequencies. [19] [20] [21] [22] [23] Therefore, several authors concluded that gain of 12p, which constitutes the biologic hallmark of germ cell tumors in adolescents and adults, does not play a major role in the biology of CNS-GCTs, thus distinguishing these from their counterparts at gonadal or other extragonadal sites, such as the mediastinum. 18, 23 Of note, the genetic profiles of pineal germ cell tumors were different from pineal parenchymal tumors, which frequently showed gain of 12q and 22. 24 Considering these conflicting data, we have performed chromosomal CGH analysis of 19 tumors from representative histologic groups in order to define characteristic patterns of chromosomal imbalances in CNS-GCTs. In addition, we compared the CGH profiles of CNS-GCTs to those of 101 malignant germ cell tumors from gonadal and different extragonadal sites, including tumors of different age groups and all histologic entities.
Materials and methods

Patients
Fresh-frozen tumor tissue (n ¼ 14) or formalin-fixed and paraffin-embedded archival tumor tissue (n ¼ 6) was obtained from the germ cell tumor bank of the Pediatric Oncology Group, the German Brain Tumor Reference Center in Bonn, Germany, the Department of Neuropathology in Dü sseldorf, Germany, and the German Children's Tumor Registry in Kiel. In one case, both fresh frozen and paraffin embedded tissue was available for analysis, and both experiments yielded identical profiles. All tumors were classified according to the WHO classification of brain tumors and germ cell tumors. 25, 26 Hematoxylin-Eosin stained sections were evaluated prior to DNA extraction. Only those tumor samples that showed more than 70% viable tumor cells were analyzed. Germinomas with pronounced lymphocytic infiltration comprising greater than 30% of the specimen cellularity were excluded. A brain metastasis of a testicular nonseminomatous germ cell tumor was included for comparison to primary CNS-GCTs. None of the patients had a history of a previous, synchronous or metachronous testicular, ovarian or extracranial extragonadal germ cell tumor. The study was reviewed and approved by the Local Ethics Committee of the Heinrich-Heine University, Dü sseldorf, Germany, and the Joint Committee on Clinical Investigations of the Johns-Hopkins Medical Institutions, Baltimore, MD, USA.
DNA Extraction from Fresh-Frozen Tissue
DNA was salt-extracted from twenty 5 mm sections after sodium dodecyl sulfate (SDS)/proteinase K (GibcoBRL, Rockville, MD, USA) digestion for 24 h, and purified with phenol-chloroform-isoamyl alcohol extraction followed by ethanol precipitation using standard protocols. 27 Alternatively, DNA was extracted with the DNeasy Tissue Kit (Qiagen, Hilden, Germany), according to the manufacturer's instructions. Reference DNA was extracted from normal male lymphocytes.
DNA Extraction from Archival Tissue
Five 10 mm sections were deparaffinized with xylene and rehydrated through an alcohol series. For tumor dissection, five to 10 10-mm sections on glass slides were manually dissected after deparaffinization with a razor blade using a stained section as a guide. The tissue was incubated at 551C for 72 h with SDS/proteinase K (1.5 mg/ml, new enzyme added after 24 and 48 h). 28 DNA was extracted according to the phenol-choloform-isoamyl alcohol method 27 and ethanol-precipitated.
Labeling of Tumor and Reference DNA
Prior to labeling, the presence of high-molecular weight DNA and absence of overwhelming DNA degradation (in archival tissues) were confirmed by 1% agarose gel electrophoresis, and the amount of DNA was determined with UV spectroscopy. Tumor and reference DNA (2 mg) were directly labeled with Spectrum-Green-and Spectrum-Red-dUTP (Vysis, Downers Grove, IL, USA) using nick translation, as previously described. 14, 17, 29 The amount of DNase and DNA-Polymerase (GibcoBRL) and the reaction time were carefully adjusted in order to obtain labeled DNA fragment lengths of 500-2000 base pairs on a 1% agarose gel.
Comparative Genomic Hybridization
In total, 500 ng of labeled tumor and reference DNA were ethanol coprecipitated with 20 mg of Cot-1 DNA (GibcoBRL). The precipitate was resuspended in hybridization buffer containing 50% formamide, 2 Â SSC, and 10% dextran sulfate. The probe was denatured at 751C for 10 min and partially reannealed at 371C for 30 min. The probe was hybridized at 371C for 3 days to methotrexatesynchronized male metaphase cells that previously had been aged for 5 days, stored at À201C, washed in 2 Â SSC, and denatured at 701C for 2 min in 70% formamide, 2 Â SSC, pH 7.0. Posthybridization washes were performed for 5 min each in 2 Â SSC at 701C, 371C, and in water at room temperature. The chromosomes were counterstained with 0.1 mg/ml 4 0 6/diamidino-2-phenylindole-2HCl (DAPI) in Antifade (Oncor, Gaithersburg, MD, USA). The experimental protocol has been validated using control samples that have been characterized by conventional cytogenetic analysis.
Microscopic Analysis
Gray-level images were aquired for each fluorescent dye with a charge-coupled device camera on a Zeiss Axioscope epifluorescence microscope, using the Applied Imaging Corporations's dedicated Cytovision soft-and hardware for 'high-resolution CGH' (according to the protected designation by Cytovision Inc., Santa Clara, CA, USA). 30, 31 The chromosomes of at least 15 metaphase cells were identified using reverse DAPI banding. The background fluorescence was subtracted, and the green:red ratio of each entire metaphase was normalized to 1.0. According to the designated high-resolution modus for CGH analysis, average fluorescence ratios and 95% confidence intervals were calculated from at least 12 representative chromosomes and compared to dynamic standard reference intervals, 32 thus increasing the sensitivity and spatial resolution of chromosomal CGH to approximately 5 MB. 33 
Results
Fourteen tumors were from male and five tumors from female patients. Age at diagnosis ranged from a neonate to 25 years, with a median of 11.5 years. This distribution is in accordance with the general epidemiologic pattern of CNS-GCTs, indicating that this panel of CNS-GCTs constitutes a representative group. 1 Among 18 patients with complete clinical data, pineal tumors were most frequent (n ¼ 11), followed by the suprasellar region (n ¼ 5) and the spine (n ¼ 2). In a 3-year-old child (Table 1 , patient no. 12), a ventricular recurrence of a primarily suprasellar tumor was analyzed. Nine patients were prospectively enrolled onto the German MAKEI (Maligne Keimzelltumoren) 89 or SIOP CNS GCT 96 protocol, allowing for analysis of clinical follow-up data. The patient with tumor recurrence died as a result of tumor progression, whereas the others are in continuous remission. Table  1 summarizes the documented clinical and pathologic data in relation to the chromosomal gains and losses detected by CGH analysis.
Four patients presented with pure mature (n ¼ 1) or immature (n ¼ 3) teratomas, whereas all other patients suffered from malignant germ cell tumors. Seven patients had germinomas, which showed additional teratomatous elements in two patients. Eight patients were diagnosed with malignant nongerminomatous germ cell tumors. In these tumors, yolk sac tumor was the most common histologic type, followed by embryonal carcinoma and teratoma, while choriocarcinoma was detected in one patient only.
Of 19 analyzed tumors, 17 showed chromosomal imbalances ( Figure 1 ). In general, chromosomal gains (mean: 4 gains/tumor, range: 0-9 gains/tumor) were more frequent than losses (mean: 1.6 losses/ tumor, range: 0-6 losses/tumor). The most frequent chromosomal imbalance, gain of 12p, was detected in 11 of 19 tumors and 10 of 15 malignant CNSGCTs. In two of these tumors, the whole chromosome 12 was gained, with one of these two tumors showing a high level gain of 12p. Notably, in one germinoma, gain of 12p was limited to the chromosomal band 12p12 (Figure 2 ). Gain of 12p was absent in tumors of the three patients who were younger than 8 years of age.
The second most common chromosomal gains were found at 1q, with a region of overlap mapping to 1q21-q24, and chromosome 8, with a commonly gained region at 8q11-q21. In six patients, chromosome 21 was gained, and five tumors showed gain of the X chromosome. Due to restricted tumor material and lack of normal reference tissue, no analysis defining the constitutional sex chromosomal status Central nervous system germ cell tumors DT Schneider et al could be performed. Chromosome arms 11q and 18q as well as chromosome 13 were most frequently affected by losses of genetic material. The only tumors with balanced CGH profiles were two pure teratomas, while all malignant germ cell tumors showed chromosomal imbalances. However, the CGH profile of the two imbalanced teratomas resembled those found in malignant CNS-GCTs. Among malignant germ cell tumors, chromosomal imbalances were more frequent in nongerminomatous germ cell tumors (mean: 8.1 imbalances/tumor) than in germinomas (mean: 4.1 imbalances/tumor, Student's t-test, P ¼ 0.03). Particularly, chromosomal gains were more frequently detected in nongerminomatous germ cell tumors (mean: 5.9 gains/tumor) than in germinomas (mean: 3 gains/tumor, P ¼ 0.045), whereas chromosomal losses were found at comparable frequencies (mean: 2.3 vs 1.1 losses/ tumor, P ¼ 0.27). Otherwise, no significant differences were detected when specific imbalances were compared to the different malignant histologic types. We also did not observe a significant correlation between a specific chromosomal imbalance and patient gender, tumor site or clinical outcome. Last, there was no significant correlation between the tissue type (fresh frozen or paraffin embedded) and chromosomal profiles detected with CGH.
Meta-Analysis of Gonadal and Extragonadal Germ Cell Tumors
We compared the chromosomal patterns observed in the 15 malignant CNS-GCTs of this series to those published in other major CGH studies of malignant gonadal and extragonadal germ cell tumors, in which the chromosomal profiles of individual tumors were provided, sorted by age and tumor site ( 14,17,18,29,34 plus 16 unpublished tumors). Other studies, in which the CGH profile cannot be attributed to individual tumors, were excluded (eg Korn et al 11 and Mostert et al 34 ). In total, 116 malignant germ cell tumors were included in this meta-analysis.
Similar to the study of Chibon et al, 35 we divided the genome into 100 datapoints resulting in chromosomal segments of approximately 30-40 Megabases. Since most of the studies included did not specifically indicate chromosomal amplification, we only designated chromosomal gain as þ 1 and loss as À1, while balanced regions were counted as 0. In Figure 3 , all chromosomal gains are illustrated as green bars, and losses as red bars, respectively. This comparison revealed no detectable difference between seminomas or malignant nonseminomatous germ cell tumors. Instead, significant differences according to site and age are obvious. Loss of 1p is most frequent in sacrococcygeal and mediastinal germ cell tumors of infancy and childhood (Po0.01), while gain of 1q can be found in both age groups. Loss of 6q is virtually exclusive to malignant childhood germ cell tumors (Po0.001), irrespective of site. Moreover, gain of 20q represents a distinctive imbalance of childhood germ cell tumors (Po0.001). In contrast, gain of 12p represents the most important marker of both gonadal and extragonadal malignant germ cell tumors of adolescent and adult patients (Po0.001), but is only exceptionally found in children. In addition, gain of 8/8q is also common in this age group (Po0.01). Lastly, tumors arising in adolescents and adults are characterized by more frequent gain of 7q, 21q and loss of 13 (Po0.001), while gain of 3p is more commonly observed in pediatric tumors/(Po0.05). Taken together, this meta-analysis of 116 germ cell tumors clearly demonstrates the reproducibility of patterns detected by CGH across different laboratories.
Last, a specific comparison of the 34 CNS-GCTs analyzed by Rickert et al and our group with 36 testicular germ cell tumors was performed ( Figure  4 ). This analysis included 18 children younger than 10 years. This analysis indicates that with regard to chromosomal imbalances detectable with CGH, there are no apparent differences according to site. The only detectable difference appears to be a higher percentage of gain of chromosome 8 in CNS-GCTs (Po0.05); however, this difference is not detectable, if age is use as a stratum for comparison, indicating that the chromosomal constitution of testicular and CNS-GCTs is identical.
Discussion
The last 25 years have been characterized by a significant breakthrough in the treatment of malignant germ cell tumors, which can mainly be attributed to the introduction of cisplatin-based chemotherapy and the optimization of multidisciplinary therapeutic strategies. 36 Recently, this success has been translated to the treatment of CNS-germinomas and, to a lesser extent, to nongerminomatous germ cell tumors. 2, [37] [38] [39] [40] [41] To a certain degree, the less favorable prognosis of CNS-GCTs that secrete alpha fetoprotein or human chorionic gonadotrophin (embryonal carcinoma, yolk sac tumor, choriocarcinoma) compared to secreting germ cell tumor at other sites might be related to anatomic problems that interfere with surgical resection. Nevertheless, it remains possible that specific biologic aspects of CNS-GCTs may additionally contribute to the poorer prognosis compared to malignant germ cell tumors at other sites.
In general, it can be assumed that lessons learned in testicular germ cell tumors might also be transferred to CNS-GCTs. This assumption is supported by imprinting studies implicating a common precursor cell for both gonadal and extragonadal germ cell tumors. 5, 6 However, there are several lines of evidence that suggest certain biologic differences between central nervous system and non-CNS-GCTs. Testicular germ cell tumors show a characteristic association with a preinvasive carcinoma in situ, the testicular intratubular neoplasia. 7, 31, 42 No such in situ lesion has been seen in the brain of patients with CNS-GCT. Furthermore, it has been demonstrated that certain histologic types express markers associated with distinct maturational stages of germ cell development, which presumably are dependent on a specific gonadal environment. 7, [43] [44] [45] Lastly, there are some data suggesting that the chromosomal marker characteristic of testicular germ cell tumors, the isochromosome 12p, plays only a minor role in CNS-GCTs. 18, 22 As a consequence, it must be debated whether the information generated in the more frequent (and more easily assessable) testicular germ cell tumors can indeed be transferred to CNS-GCTs without scrutiny. This concern relates not only to our general understanding of CNS-GCT biology but also to the development of future therapeutic strategies.
In this context, the meta-analysis of germ cell tumors of the different clinical and histologic groups (Figures 3 and 4) provides important information. While age-dependent differences become clearly apparent, there is no obvious correlation with either site or histologic subtype of malignant germ cell tumor. 13, 14, 46 In particular, our meta-analysis unequivocally indicates that there is no apparent difference in the chromosomal constitution of testicular and CNS-GCTs (Figure 4 ). In accordance with the observation that the vast majority of CNS-germ cell tumors develop in adolescents and adults, 1 CNSGCTs also display CGH profiles characteristic of malignant germ cell tumors of this age group. In fact, gain of 12p, which in most cases is related to an isochromosome 12p, constitutes the most frequent chromosomal imbalance in our series of CNS-GCT. Furthermore, the additional chromosomal imbalances such as gain of 1q or 8 also occur at comparable frequencies as in other gonadal and nongonadal germ cell tumors of adults (Figures 3  and 4) . Although CNS-GCTs show no bimodal age distribution as testicular or mediastinal germ cell tumors, 1 our analysis suggests that also in the CNS, germ cell tumors of infancy and early childhood are genetically distinct from those of adolescence and adulthood, as indicated by the analysis of patients 1 and 12, which show profiles characteristic of teratoma and malignant germ cell tumors of Figure 3 Meta-analysis of 116 malignant gonadal and extragonadal GCTs, separated by age and sorted by site 14, 17, 18, 29, 34 (including this series and 16 unpublished tumors). Each line represents 100 chromosomal data points of a single tumor, with chromosomal gains illustrated as green bars and losses as red bars, respectively. At the bottom, chromosomal regions showing statistically significant differences that correlated with age are indicated by an asterix.
Central nervous system germ cell tumors DT Schneider et al childhood. 47 However, in the patients 2, 3 and 13, who were 6, 8 and 9 years old, profiles characteristic of adolescent patients have been found. Therefore, in contrast to other sites such as the mediastinum, an age cutoff somewhat younger than 10 years might be more appropriate for CNS-GCTs, indicating for modulating local environmental factors. Nevertheless, our observation and our meta-analysis substantiate the notion that age and not site constitutes the primary distinguishing parameter.
In other extragonadal germ cell tumors (in particular mediastinal germ cell tumors), there is a significant association with constitutional Klinefelter syndrome that distinguishes these tumors from testicular germ cell tumors, for which this association is not seen. 48, 49 Furthermore, there have been single reports of CNS-GCTs in the presence of Klinefelter syndrome. [50] [51] [52] In our series of patients, we have no clinical data indicating constitutional Klinefelter syndrome. A previous FISH analysis of six suprasellar teratomas (age 2-25 years) revealed a high frequency of sex chromosomal abnormalities, with a normal constitutional karyotype in one analyzed patient. 53 In accordance to this study, both teratomas with chromosomal imbalances and three malignant nongerminomatous germ cell tumors showed gains of the X chromosome. Unfortunately, we did not have access to extratumoral tissue allowing for an analysis of the constitutional karyotype.
The Role of Gain of 12p in CNS-GCTs
The question has been raised whether those CNSGCTs that lack gain of 12p constitute a different biologic subtype. 18 In contrast to our series, in which five of six germinomas displayed gain of 12p, Rickert et al found gain of 12p in only one out of eight central nervous system germinomas. This statistically significant difference (w 2 -test, P ¼ 0.02) could probably be related to methodical differences such as sample selection. Germinomas often show a pronounced lymphocytic infiltration that could significantly dilute the tumor DNA content, and therefore reduce the ability to detect chromosomal imbalances. In accordance with this hypothesis, Rickert et al detected no chromosomal imbalances in two of eight germinomas, whereas in our series, all malignant tumors showed genomic alterations. Furthermore, it might be argued whether the high-resolution CGH algorithm might additionally increase the hetero- Figure 4 Meta-analysis of 36 testicular and 34 CNS-GCTs, separated by site and sorted by age 15, 18, 34 (including this series and eight unpublished tumors). Each line represents 100 chromosomal data points of a single tumor, with chromosomal gains illustrated as green bars and losses as red bars, respectively. As indicated at the bottom, no chromosomal regions showed statistically significant differences correlated with site. geneity tolerance as it has been postulated for array CGH. 54 In this context, it has to be noted that although the spatial resolution of chromosomal CGH is limited, even with array CGH approaches no discrepant or additional frequently recurrent imbalances have been detected in extracranial germ cell tumors 16 or CNS-GCTs (Chin C Lau, oral presentation on the Second International Symposium in CNS-GCTs in Los Angeles, November 2005 55 ). Furthermore, other issues such as a patient selection bias must also be considered. First, the three youngest patients included in this series (and the youngest patient of the series published by Rickert et al) do not show gain of 12p but a CGH profile comparable to that of testicular, sacrococcygeal or mediastinal CGH at this age with imbalances of chromosome 1 and gain of 1q or 20q in malignant germ cell tumors (Figures 1 and 3) . Second, three of the tumors that lacked gain of 12p are teratomas. Characteristically, the vast majority of teratomas indeed do not show chromosomal aberrations on cytogenetic, CGH or array CGH analyses. 13, 16, 17, 47 Nevertheless, it is very important to note that two of the teratomas included in our study (and both immature central nervous system teratomas analyzed by Rickert et al) show chromosomal imbalances resembling those of malignant germ cell tumors. This might indicate that in contrast to teratomas in infants, teratomas of adolescents and adults might be related to a maturational differentiation of malignant germ cell tumors with a preservation of genetic aberrations that may result in a potentially malignant clinical presentation (accordingly, patient no. 3 showed tumor cell dissemination in the cerebrospinal fluid). In previous classification systems, this phenomenon had been attributed the term 'malignant teratoma, differentiated'. In accordance, we and other have found significant cytogenetic and CGH aberrations in residual or growing teratomas of patients with malignant nonseminomas (unpublished observation and van Echten et al 56 ) . Therefore, the histologic diagnosis of teratoma within the brain of a postpubertal patient should not result in confidence of benignity.
Considering these exceptions, 10 out of 14 malignant germ cell tumors of patients older than 5 years showed gain of 12p. The Figures 3 and 4 illustrate that this frequency is almost identical to that found in testicular 11, 34 and mediastinal germ cell tumors of adolescents and adults. 17 In addition, our meta-analysis underlines that CNS-GCTs without 12p gain do not show chromosomal patterns distinct from other germ cell tumors.
Restricted Amplification of 12p12
We observed one patient whose tumor demonstrated a circumscribed amplification of 12p12. To date, comparable profiles have only been detected in testicular and ovarian (Riopel et al) germ cell tumors but not in extragonadal germ cell tumors. Albrecht et al 57 published a cytogenetic analysis of a central nervous system germinoma that showed a homogeneously staining region (HSR), the chromosomal origin of which could not be identified by FISH with painting probes to the chromosomes 6 or 12.
In testicular tumors, gain of chromosomal material at 12p in the absence of an isochromosome 12p is also related to the presence of either an HSR or double minutes. Microarray and FISH analyses helped to delineate the commonly amplified region at 12p12. It is generally assumed that the amplification of tumor genes at this region triggers malignant transformation at the transition from TIN to invasive malignant germ cell tumors. 8, 9, 31 Since in our patient the amplicon is located at the identical chromosomal region as in testicular germ cell tumors, this observation provides additional evidence in favor of a common pathogenesis of testicular and CNS-GCTs.
In conclusion, this CGH data obtained in our present series of 19 CNS-GCTs and their comparison to previous findings in gonadal and extragonadal germ cell tumors clearly indicate that at the resolution level of CGH, CNS-GCTs are virtually indistinguishable from malignant germ cell tumors at other sites presenting in the same age group. This observation strongly argues for a similar genetic constitution and biology of germ cell tumors at different sites.
